The EMBO Journal (2012) 31, 4098-4099. doi:10.1038 /emboj.2012 Published online 12 October 2012 Some 20 years after original work positioned Runx1 as crucial for haematopoiesis and leukaemia formation (Miyoshi et al, 1991; Okuda et al, 1996) , a study in this issue of the EMBO Journal (Scheitz et al, 2012) reveals that the RUNX1/Stat3 axis also promotes carcinogenesis in epithelial tissues.
RUNX1, the DNA-binding subunit of heterodimeric transcription factor CBF, was first identified as a fusion protein AML1-MTG8 (RUNX1-ETO) in t(8;21) acute myeloid leukaemia (Miyoshi et al, 1991) . Subsequently, Runx1 KO mice were reported to be wholly incapable of generating hematopoietic stem cells (Okuda et al, 1996) . These observations prompted extensive studies of RUNX1 in leukaemia and haematopoiesis.
Employing lineage tracing in the DMBA (9,10-dimethyl-1,2-benzanthracene)/TPA (12-O-tetradecanoylphorbol-13-acetate)-carcinogenesis protocol, Scheitz et al, 2012 now report that Runx1-expressing hair follicle stem cells (HFSC) are the source of squamous cell carcinomas (SSCs) in mice. While Runx1 is critical for tumour initiation and long-term maintenance, it was, paradoxically, not required for tumour promotion. Runx1 also appears to serve similar tumorigenic functions in oral SCC, as demonstrated in mice that conditionally express oncogencic Kras G12D . Interestingly, Runx1 expression was also observed at the crypt base of the intestinal epithelium, where it overlaps with Lgr5, an established gastrointestinal stem cell marker (Schuijers and Six of the mutations are either fs or nonsense, both of which result in non-functional proteins. The remaining two missense mutants (R9G and P100A) are also expected to produce non-functional proteins; R9 and P100 are located within a1 helix and b5 sheet, respectively, both of which form the Runt-CBFb interface. As a consequence, all of these CBFB genetic changes are likely to result in loss-of-function mutants. Clevers, 2012). Consistent with these in vivo observations, RNAi-mediated depletion of RUNX1 in human skin and head and neck SCC cells resulted in growth arrest. Thus, although earlier work by the same group indicated that Runx1 is dispensable for differentiation of HFSC, they now establish that RUNX1 drives cancer stem cell proliferation.
In RUNX1-related leukaemia, perturbation of the RUNX1 function either by fusion to other gene products in chromosome translocations or mutations of the RUNX1 gene is a major causative factor leading to human leukaemia. Thus, RUNX1 has been widely recognized as suppressor for leukemogenesis. Therefore, the new evidence for an oncogenic function of RUNX1 raises the fundamental question whether Runx1 prevents or accelerates carcinogenesis.
In addition to leukaemia, the involvement of RUNX1 in other cancer types recently emerged; genome-wide analyses such as next-generation sequencing and SNP array exhibited that not only RUNX1 but also the gene encoding the heterodimeric partner of all three RUNX proteins, CBFB, were mutated and of clinical significance in breast cancer (Ellis et al, 2012; Banerji et al, 2012) . Deletions of RUNX1 in oesophagus cancer were also found (Dulak et al, 2012) . Importantly, in the vast majority of cases, the genetic changes lead to loss of function, suggesting that RUNX1 and CBFB act as tumour suppressors rather than oncogenes (Figure 1 , see references and the nature of mutations in legend). In addition, transposon insertion mutagenesis found that Runx1-coding regions are frequently disrupted in an animal model of intestinal tumorigenesis (H Takeda, N Jenkins and N Copeland, personal communication) . Given that loss of function of CBFB would inactivate all three RUNX genes, the natural assumption would be that RUNX/ CBFB complexes act as a tumour suppressor. However, the current paper reminds us that RUNX proteins can also have a 'dark side' as initiator of cancer formation.
Retrospectively, the early retrovirus insertion mutagenesis studies to screen for genes collaborating with c-Myc during T-cell lymphoma development implicate all three Runx as putative oncogenes (Blyth et al, 2005) . Curiously, there are also reports describing RUNX3 as an oncogene in skin cancer, head and neck SSC and ovarian cancer, although RUNX3 is considered a tumour suppressor in most tissues (Chuang and Ito, 2010) . It is noteworthy that the above tissues in which oncogenic RUNX3 activity was detected were studied in the current paper. Except for ovarian cancer, the common denominator seems to be SSC. This suggests the attractive possibility of a tissue-specific conversion of Runx function in carcinogenesis. It would be worth exploring whether the oncogenic role of RUNX proteins is unique to squamous cells.
The dual and opposite functions of Runx genes have also been extensively studied: RUNX proteins can activate or repress target gene expression depending on whether it interacts with co-activator or corepressor (Blyth et al, 2005) . Therefore, as a consequence of context-dependent regulation of target genes expression, RUNX proteins may exert-relative to cell context-tumour suppressive or oncogenic activity. The current paper supports a concept of dual functionality of Runx in carcinogenesis in the field. Given that all three RUNX proteins recognize common DNA sequence motifs, it would be extremely informative to ascertain whether a similar scenario applies to RUNX2 and RUNX3 in exerting dual functions during cancer formation of different tissues.
Antagonistic interplay between RUNX family proteins might also influence cell proliferation. When B cells are immortalized by EBNA-2 of Epstein Barr virus, cells show increased RUNX3 and decreased RUNX1 expression. Following the depletion of RUNX3, cells stop growing; the concomitant increase of RUNX1 suggests an important biological role for RUNX3 to keep B cells immortal, presumably through the regulation of RUNX1 (Brady et al, 2009 ). Cross regulation among RUNX genes (e.g., RUNX2 and RUNX3) has also been observed in breast cancer cell lines (Chuang and Ito, 2010) .
RUNX genes regulate cell specification in development and RUNX1 has been shown to interact with chromatin remodelling proteins (Yu et al, 2012) . If we consider anomalous cell differentiation as a cause of cancer, it is likely that we will, in the near future, hear more about the respective roles of RUNX genes in human solid tumours, and thus clarify the 'bright' and 'dark' sides of RUNX in tumour formation.
